Abstract Histone-like nucleoid structuring protein (H-NS) is a global regulator in enteric bacteria and other bacteria. It has been reported that H-NS has no modifications for its activity. Even though H-NS is called histone-like protein, it is acidic, contrary to the basic eukaryotic histones. Here, we report that there were mobility differences for various sources of H-NS seen in sodium phosphate-buffered native gel electrophoresis. We examined various native gel electrophoresis conditions using the wild-type E. coli (MG1655), three H-NS mutants (two were H-NS knockout mutants), and the E. coli BL21 overexpressing H-NS (BL21 (DE3)/pPD3).
Introduction
Histone-like nucleoid structuring protein (H-NS) is a major component of the Gram-negative Escherichia coli nucleoid, originally isolated by its ability to bind and compact chromosomal DNA. This small (15.4 kDa), abundant (20,000 copies/cell), and heat-stable protein binds avidly to double-stranded DNA and with higher affinity for curved DNA. H-NS is a global modulator of gene expression affecting the synthesis, both negatively and positively, of more than 5 % of E. coli proteins (Hommais et al. 2001) . In addition, H-NS is also involved in regulating expression of virulence-associated genes in pathogenic Shigella spp., Salmonella spp., and enteroinvasive E. coli.
It has been reported that there might be 3 subspecies of H-NS with varying isoelectric points pI of 5.1, 6.5, and 7.5 (Spassky et al. 1984 ). Relatively recently, the possible modification of H-NS with poly-(R)-3-hydroxybutyrate has been suggested (Reusch et al. 2002) . However, separately, Dorman argued that the activity of the H-NS protein does not seem to be modified by any of the commonly used mechanisms (Dorman 2004) . As a previous study indicated the downregulation of chemotaxis genes such as CheW, CheA, CheZ, and CheY might be involved in the lack of motility in the case of an H-NS knockout mutant (Müller et al. 2006) , the presence of other subspecies of H-NS was checked by different types of electrophoretic methods in this study.
Materials and methods

Electrophoretic characterization of various E. coli species
All electrophoreses were performed at room temperature. Cells for wild-type MG1655, CH1154 (H-NS knockout MG1655), CH1434 (StpA, H-NS analog, knockout mutant), CH1435 (Both H-NS and StpA knockout mutant), and BL21 (De3)/pPD3, which is an overexpression system after IPTG induction and mostly used for the characterization of the prepared H-NS, were cultured and treated with Laemmli buffer as shown in Fig. 1 .
After electrophoresis, the gel was Western blotted with H-NS peptide 3 [E. coli MG1655 H-NS amino acids 114-137 (-5 0 -RTPAVIKKAMDEQGKSLDDFLIQK-3 0 )] antibody. A modified electrophoresis method based on the one developed by Weber and Osborn was carried out (Weber and Osborn 1969) . The cells were cultured and treated with lysis buffer (50 mM Tris-HCl, pH 7.6, 150 mM NaCl, 1 % NP-40, 1 mM PMSF, and 10 mM EDTA) as shown in Fig. 2 . The reason that pH 7.6 was used for native gel electrophoresis was that there have been three reported subspecies of H-NS with pI 5.1, 6.5, and 7.5 according to Spassky (Spassky et al. 1984) . It is noted that most researchers have used overexpressed H-NS in their experiments .
Results and discussion
As shown in Fig. 1 and with 13.5 % SDS-polyacrylamide gel electrophoresis, there were no differences in mobility of various species of H-NS. The H-NS knockout samples CH1154 and CH1435 in lanes 2 and 4, respectively, served as negative controls. Native gel electrophoresis has been performed based on Laemmli system without SDS.
However, there seemed to be no significant differences, because there was no big difference in result when using the above method. For Fig. 2 , with native sodium phosphate 13.5 % gel electrophoresis, again there were no big differences in the mobility of H-NS with samples MG1655, CH1434, and BL21 in lanes 1, 3, and 5, respectively. As there seemed to be little differences in band migrations seen in the case of separation on the 13.5 % gels, the samples were on a 5-13.5 % gradient gel as shown in Fig. 3 . The 11 % gel was also tried as shown in Fig. 4 , and as seen in the figure, there seemed to be significant differences seen in the mobility of various species of H-NS. As expected, there were no bands detected in lanes for the H-NS knockout mutants CH1154 and CH1435. Molecular weight marker not included in native method, because molecular weight marker is not available generally in the native gel. From these set of experiments, the native sodium phosphate 5-13.5 % gradient gel and the native sodium phosphate 11 % gel separations led to the largest differential detection among the various species of H-NS. Native sodium phosphate 5-13.5 % gradient gel electrophoresis. Aliquots were separated on a 5-13.5 % gradient gel. The gel was prepared with 20 mM Na-phosphate, pH 7.6. The arrow points to the putative H-NS bands. After separation on the gel, the proteins were transferred to a membrane, which was probed with the H-NS peptide 3 antibody. Lane 1, MG1655; lane 2, CH1154; lane 3, CH1434; lane 4, CH1435; lane 5, BL21 (DE3)/pPD3 induced Fig. 4 Native sodium phosphate 11 % gel electrophoresis. The aliquots were analyzed on a native 11 % gel. Gel was prepared with the same buffer system as for the previous native gels. Arrow points to the putative H-NS bands. The membrane-transferred separated proteins were probed with the H-NS peptide 3 antibody. In future experiments, the various types of modifications of H-NS will be examined using mass spectrometry following 2D gel electrophoresis.
